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INTRODUCTION
The area described in this report includes about 396
square miles in south-central New Hampshire, nearly all of
which is in the drainage basin of the Merrimack River (see

location map).
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Location of the lower Merrimack River valley

Hills and hilly uplands comprise about two-thirds of the
area, and valleys and plains the remainder. Small swamps
are common, especially in the lowlands.

Bedrock and an overlying discontinuous mantle of glacial
till occur at or near land surface in most of the hilly upland
area and are buried under deposits of stratified glacial drift
in the valleys and plains. A thin veneer of wind-deposited
sand occurs in the Merrimack River valley, in a zone several
miles wide adjacent to the river. Static dunes occur in a
few places up to a mile west of the Merrimack River and are
common up to 3 or 4 miles east of the river.

The through-flowing Merrimack River is the master
stream in the area. Its major tributaries are the Souhegan
and Nashua Rivers, which rise in Massachusetts but flow
northward and eastward to join the master stream at Merri-
mack and Nashua respectively; and Beaver Brook, which
flows southward in the eastern part of the area and joins
the Merrimack in Massachusetts.

PRECIPITATION

Normal annual precipitation is 40.3 inches at Nashua and
averages about 41 inches for the entire area. It is distrib-
uted rather evenly throughout the year (see precipitation
graph), but during the winter and early spring much of it
falls as snow and remains in storage on the land surface
until released by thaws.

More than half the 41 inches of annual precipitation evap-
orates directly from the land surface or is transpired by
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Normal monthly precipitation at Nashua, (1883-1960)

vegetation. The remainder (about 19 inches) travels rapidly
over the land surface into the Merrimack River and its trib-
utaries or percolates down to the water table and thence
moves laterally to the streams. The part that reaches the
water table and subsequently discharges into the streams is
estimated to be about 8 inches per year—an average ground-
water discharge of 0.4 mgd (million gallons per day) per
square mile of drainage basin.
TEMPERATURE

The mean annual temperature at Nashua is 47°F., and the
monthly mean temperature ranges from 23.2° in January to
70.8° in July (see monthly temperature graph).

During the winter months frozen ground impedes the
movement of water downward through the soil and is there-
fore an important factor in determining the ground-water
recharge regimen. Normally the ground freezes late in No-
vember and remains frozen in part until March. The thick-
ness of the frozen layer varies from about one-half to five
or more feet depending on the topographic setting, vegeta-
tion and snow cover, climatic conditions, the type of materi-
al, and soil-moisture condition. Where the snow accumulates
to a thickness of two feet or more, especially under forest
cover, the frozen layer may thin and even disappear entirely
under the snow.
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Monthly average temperature and monthly average maximum
and minimum temperatures at Nashua

GROUND WATER

Bedrock and glacial till are sources of small or limited sup-
plies of ground water almost everywhere in the area, but
stratified glacial drift (ice-contact and outwash deposits) is
a much more favorable source of larger supplies (see ground-
water availability map). The most favorable areas for devel-
opment of substantial large-scale ground-water supplies are
those underlain by relatively thick ice-contact or outwash
deposits, especially those adjacent to streams or large bodies
of surface water from which flow can be induced to replace
water withdrawn from the deposits. These deposits gener-
ally are less than 50 feet thick in the lower Merrimack River
valley, but in some places may be more than 100 feet thick.
Where saturated, these deposits are ground-water reser-
voirs storing about one and one-half billion gallons of water
per square mile for each 20 feet of saturated thickness. This
reservoir of water can be used as a backlog in seasonal dry
periods and in time of drought, when ground-water recharge
is insufficient to supply water to wells and maintain stream-
flow.

Bedrock wells generally yield less than 10 or 15 gpm (gal-
lons per minute) in most of the lower Merrimack River val-
ley, but there is a unique area in Salem, Pelham, and
Atkinson where bedrock wells locally and perhaps generally
yield more than 40 gpm and reportedly as much as 150 gpm
(well Salem 46, at Rockingham Race Track in Salem). This
area appears to be relatively narrow, extending southwest-
ward through Pelham and northeastward through Atkinson,
parallel to the major faults and regional bedrock structure.
The source of water probably is a fault zone in the bedrock,
but determination of the extent and nature of the feature
and its overall sustainable productivity would require fur-
ther study.

PERCENT FINER BY WEIGHT
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Permeability

Permeability is greater (water can move more freely) in
coarse-grained materials of predominantly one size, and less
in fine-grained materials or in a mixture of many sizes (see
grain-size distribution graphs). Generally, outwash and ice-
contact deposits possess better sorting which permits water
to enter more readily and be withdrawn more freely than
from poorly-sorted till. The porosity values given in the
grain-size distribution graphs indicate the volume of water
that a deposit will hold, whereas, the coefficients of perme-

GROUND-WATER AVAILABILITY MAP
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EXPLANATION

Areas where prospects are most favorable for location of wells capable
of yielding large-scale sustained supplies of ground water for indus-
trial or public-supply use. Locally in these areas, yields of several
hundreds of gallons per minute (gpm) are possible. The water-
bearing materials are stratified sand and gravel in ice-contact and
glacial-outwash deposits. Saturated thicknesses of the sand and
gravel are relatively large, and include much coarse, permeable
material.

Opportunity for ground-water recharge is excellent; generally the
surface material is highly permeable, and most of the land surface
is relatively flat or includes depressions that trap and permit rainfall
to enter the ground. Favorable potential for ground-water storage,
and the likelihood of inducing flow into the water-bearing deposits
from nearby bodies of surface water are determining factors in
assigning areas to this category.

Areas most favorable for the location of wells that generally will yield
from 40 to 100 gpm from saturated sand and gravel in deposits of
stratified glacial drift. Saturated thicknesses of the permeable
materials are relatively large, and include much coarse, permeable
sand and gravel. The opportunity for ground-water recharge by
precipitation is excellent; generally the surface material is highly
permeable, and most of the land surface is relatively flat or includes
depressions that trap and permit rainfall to enter the ground.

Turtle
Rock
o

Areas favorable for the location of wells that will yield from 10 to 40
gpm from saturated sand and gravel in glacial drift. Includes many
small unmapped areas capable of higher yields. Aquifers are pre-
dominantly fine- to medium-grained outwash deposits, but include
some ice-contact deposits which are more coarse-grained. Saturated
thicknesses of the ice-contact deposits in these areas are relatively
small, but the saturated finer materials may be quite thick.

The opportunity for ground-water recharge by precipitation is very
good; generally the land surface is relatively flat and the surface
material is permeable, permitting much of the precipitation to enter
the ground.

Areas where wells generally yield enough water for domestic supplies,
but in most cases less than 10 or 15 gpm. The water-bearing
materials are primarily till (an unstratified, poorly-sorted, compact
mixture of clay, silt, sand, cobbles, and boulders) and bedrock
(“ledge”). Although yields from wells in the bedrock are generally
small, some are larger and in rare instances are reported to be as
much as 100 gpm. Many of the shallow dug wells in till fail in
extended dry periods, but the deeper, drilled wells in bedrock gen-
erally provide small though reliable supplies throughout the year.

Opportunity for ground-water recharge by precipitation is fair to poor;
generally the land surface slopes more or less steeply, and the per-
meability of the surface material is low; hence, much precipitation
runs off into streams before it can enter the ground.

Postulated zone where bedrock is locally and perhaps generally capable
of yielding from 40 to 100 gpm to wells, probably from fractures
associated with a northeast-trending fault zone. Determination of
areal extent and potential sustained yield require further exploration.
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DECLINATION, 1968 The limits shown above are based on present standard well-drilling

and construction methods in this area. Future improvement in
well-construction techniques may greatly increase the yields obtain-
able from some of the materials—particularly those in the 10 to 40
gpm category.

Water generally is of good quality for most uses, but in places contains
excessive amounts of iron. Water from some wells in bedrock is
excessively hard.
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ability indicate the amount and rate at which it will yield
water.

The grain-size analysis of the aeolian or dune-sand sam-
ple is given to show the high permeability of a well-sorted
sand (200 gallons per day per square foot). However, these
deposits generally lie above the water table and therefore
are unsuitable for well development.

The areas most suitable for development of large-scale
ground-water supplies are those underlain by ice-contact
and outwash deposits (see ground-water availability map).
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Water-Level Fluctuation

In the area of investigation, the water table (top of the
saturated zone) fluctuates in an annual cycle, generally ris-
ing during the winter and spring and declining during the
summer and fall (see water-level fluctuation graphs).

The range of water-level fluctuation is less in well-sorted
sand and gravel than in till and bedrock. This is because
the porosities of bedrock and till are less than those of ice-
contact and outwash materials, and, therefore, a given
amount of recharge or discharge saturates or dewaters a
correspondingly greater thickness of bedrock or till.

The annual water-table rise normally begins in autumn,
but commonly is interrupted in winter when the ground
freezes and when potential recharge is temporarily with-
held as snow at the land surface; after subsequent thaws the

rise generally continues to a maximum in late March or
April, then declines through the growing season.

Water-table fluctuations indicate changes in ground-water
storage resulting from changes in the balance between re-
charge and discharge. During the growing season much
water is lost by evaporation and transpiration in addition to
ground-water discharge to streams. Hence, ground-water
storage decreases through the growing season even though
precipitation continues at the same average monthly rate
during that period.

Ground-Water Temperature

Ground-water temperature is relatively constant and about
equal to the mean annual air temperature (see temperature
graph). The small seasonal changes lag behind those in the
air temperature and becomeless apparent with depth.

Ground-water temperatures of Hollis spring (1962-66) and air temperatures and precipitation at Nashua (1958-66)
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